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Cross-linked polymers for contact lenses. 

(?) Contact lenses are disclosed which are formed from 
nvaroohilic poiymers of at least one hydroonilic monomer 
ana minor prooorrions of at least one monomer containing 
cationic groups and at least one monomer containing 
anionic groups so that tonic cross-linkages can form detween 
coivmer moiecutes. Typical monomers coniammg cationic 
grouos are alkyi amino acrylates and methacryiates and rypi- 
cal monomers containing anionic groups are metnacryiic 
and acrylic acids and sucn monomers may be emptoyed n 
oroponions Dy weight of from apout 5 % to aoout ZO^a. Suit- 
aoie hydroDhiitc monomers tnctude hydroxy aikyi acryiates 
and methacryiates. 
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Cress- 1 iLKing po^yr::ers is well-known ir. the 
arr for prcviding pclymers with desirable properties, m 
particular desirable mechanical properties such as nigh 
tensile strength. Cross-linking is usually effected by 
use of a covalent cross- linking agent which bridges two 
or more pclvT.er cnams linking them together by covalent 
bonding. Cross-linkmg can also be effected by means o: 
electrovalent interactions involving ionized sites in 
neighbouring polymer chains; cross-links induced m this 
way are known as ionic cross-links. This form of cross- 
linking is illustrated by ionomer resins which are erhylar. 
copolymers containing pendant carboxylic acid groups and 
an associated bivalent metal cation and also by polyelect- 
rolyte complexes which consist of an essentially neutraliz 
mixture of polycations (e.g. a polyquaternary ammoniur. 
compound and a polyanion such as poly (vinyl sulfonic 
acid) . 

Cross-liakmg of hydrophilic polymers for use as 
contact lens materials is often a practical necessity i:: 
order that the r.iaterial has adequate mechanical properties 
m the hydrated state. Covalent cross- 1 inkage has been 
widely i:sc:i lor tins purpose but ionic cross - 1 i nl; i ng 'nas 
not liit::crtc been used. Ionic cross- 1 1 nkmg requiring t::e 
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presence zi a cival-nt -era! z-zion is not acccc-ble 
contact lens -atcrial since m use the nivalen: :a:ions 
are largely leacned ;rom :ne polymer by tear iluia and 
replacea oy sodium and potassium ions contained m :ne - 
fluid; polyelectrolyte complexes are unsuitable since tne 
cannot conveniently be prepared in a form suitable for 
machining on a lathe. 
3RIZ? DESCRIPTION OF THE INVENTION 

According to one aspect of the invention, there 
is provided a novel polymer for use as a contact lens 
material and comprised of chains in each of which there 
are both cationic and anionic sites participating in 
electrovalent cross-linkage of the chains one to another, 
the aforesaid sites being provided by moieties of the colv-- 
chains which are resistant to loss of polarity by ccntac: 
with tear fluids. 

In a more specific embodiment the invention 
provides a contact lens which comprises a hydrophilic 
polymer of at least one hydrophilic vinyl or vinylidene 
monomer, a minor proportion of a cationic group - 
containing monomer and a minor proportion of an anionic 
group - containing monomer and said ionic Rroup - 
containing monomers providing cationic and anionic sites 
for ionic cross-linkages between polymer chains. 

The moieties providing the ionic sites will 
usually be organic moieties polymerized into the polymer 
chains and in general such organic moieties will be units 
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_ .. - ^ ■ ^ ^ ~ _ : -f r 1 wi 1 : r r c ^ '.' t: e r 1 z '3 ci l~zz 2. 3 1 c 1< c c n 6 c c 1 '.' t. e r . 
The -zr.:-^' -a:er:^: 'sy , f^r -e-a:::" 1 e . ze m alKvl ir- — c 
acrv.aze :r -e :nacry 1 a:e . such as aime^hvlar^mceiny l-e: n- 
acrylaze. :-cu:y lammce -i^y Irnernacry late or Ji-r:-ou:yl- 
anmcetny l.ne -nacry laie , in rhe case of monomer material 
orovidmg caticnic sites. Conveniently methacrylic or 
acrylic acid may be employed to provide anionic sites 
althcugr. otner polymer izable carboxylic acids may be 
used. Alternatively, however, such other cationic 
and anionic moieties as quaternary ammoni'jm compounds 
and unsaturated sulfonic acids may be employed to provide 
the cationic and anionic sites although, it should be notec 
particularly in the case of relatively strongly ionizing 
groups, -nat there may be difficulties as regards 
availability of materials. Vinyl sulfonic acid, 3-:yrene 
sulfonic acid and unsaturated phosphoric acid monomers are 
however, obtainable . 

The polymers of the invention will normally 
contain the ionic m.oieties in a comparatively mir.cr 
proportion together with a balance of polymerized essentia 
non-ionic monom.er material. The balance may, for example, 
be made up of polymerized hydrophilic m.onomer such as an 
hydroxy alkyl acrylate or methacry late , e.g. 2-hydroxy- 
ethylmethacrylate or N-vmy Ipyrrclidone and/or a polymeriz 
hydropn.obic m.oncmer, such as an alkyl acrylate or methacr% 
or styrene or a substituted styrene. Typical hydrophobic 
monom.ers are methyl methacrylate and n-butyl methacrylate 
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for :se as sc:'" :cn :ac: lens T.a:erial. 

The ariionic rioie^ies ziay be preser.r in 3ucs~an"- 
lally SLOiciiiGrnemcally equivalen:: aiTiounuS. but, i: aesired, 
one ionic cioiery raay be in stoichicmemc excess. For 
exampie. a stoichiometric excess of the anionic moiety 
provides a powerful hydration mechanism in the alkaline 
environment of the eye so that in most instances sucn an 
excess will be considered desirable. In such cases, where 
the ionic groups are in excess they are preferably neutralised 
by treatment of the final polymer with a mildly alkaline 
solution as described in British Patent No. 1,548,158 
(the disclosure of which is specifically incorpcraied herein 
by reference ) . 

As indicated earlier, the ionic moieties will 
in general be present m relatively minor proportions. 
Generally the proportion of ionic moieties available for 
participation in electrovalent linkage will be in the range 
from about 5% to about 20% by weight, preferably 7% to 20% 
(e.g. from about 7% to 17% by weight). In all cases, zhe 
percentages stated are by weight of the whole unhydrated 
polymer . 

Polymers according to the invention can conven- 
iently be made by polymerizing a monomer mixture comprising 
components of identity and content appropriate to the 
desired polymer, the polym.erieat ion being effected using, 
for G.xaniple, azobisisobuty ronitri le as initiator. Other 
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. n e p c ^ y T.e r s :: : : n e l r. %■ e n r i : n r. a '/ e e -e r. : : u r. z 
5 as will acpreciatec :rom :ne Exariples '^'nich rcllo-v, — 
exhibit gcoG rnecnani-1 properties. This is thought to 
be a result of the labile character of the electrovalen t 
cress-linkage forces which results ia the polymeric -ateria 
cezng able to yield locally to applied stress. The polymers 
of the Invention may, m addition to cross- linkages as a 
result of electrovalency . contain covaleat cress-linkages 
as a result of use, if desirea, of a covalent cross- linking 
agent, ana results in polymers having even better -echanica 
properties. Covalent cross- 1 inkages T.ay be incorporated — . 
^ the polymers by including a di- or poly functional crcss- 
xiOKing agent, such as glycol dimethacry 1 ates cr acrylate^. 
allyl rnethacrylate or acrylate or triallyl cyanurate. 

The polymer of the invention can readily be cas: 
to form a lens or lens blank. Lens blanks can be xacninea 
^ in known manner to form contact lenses of desired ccnfigura: 
Lenses made in this -^-ay from hydrophilic monomer-derived 
polymers can be hydratec :o equilibrium after machining 
using saline solution as described, for example, in Eritisu 
Patent Mo. 1,543,155. 

The invention includes within its scope lenses, 
blanks and macnmen lenses as just described and in particul 
includes such lenses and lens blanks made of polymer 
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2-hyclrcxye:ny.-etnacryliie : 24 oarts 

,2 -HEM A ) 

diTierny lar*ir.oe~hy l.-neth aery late ; frcm 1 to 2.25 rar 

methacrylic acid: :rcm 1 to 3 oarts 

(MA) 

styrene; - up to 2.5 parts 

The following specific Examples are intended to 
illustrate the invention. 

Examples 1 to 5 

Polymers were prepared according to the forniulati 
given in Table 1. 2-hydroxyethylnethacr7late (2-HEM4) wit^ 
a very low (0.05 wtx?) ethylene glycol diniethacry late (EGZLr 
content was used and hence the polymer was expected to 
contain a very low concentration of derived covalent cross- 
links. The monomer mixtures were polymerized by thorougnl: 
mixing together purified 2-nZMA, redistilled MA, DMAEIIA anc 
(where stated styrene) in the proportions stated in Table 
using the stated quantity of azodi isobutyronitrile (AZDN) 
free radical generator. Polymerization was carried out m 
polythene tubes at 65°C for 16 hours, followed by curing 
for 3 hours at lOO^C. In the case of comparison Examples 
and 3, the DMAEMA was omitted, as indicated. 

The rods obtained were cut into lens blanks, 
machined to form lenses, extracted and hydrated to 
equilibrium in a saline solution buffered at pH7 . 4 . The 
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.nis c-serva:i:n ana tne ract *r.a- rhe vva-er 
conton: cf :ne gels ccntami::^ DI^IAEMA are 3cr:e'.vnat lower 
than r^.ose witr.cut, ir. spite cf the hydropr.i li c nat'jre c: 
Z;.MAZ).!A an:l tv;ice the addition of -ethacrvlic acid, orovi^ 
10 convincing evicence that hydro^els which contain :r:inor 

prccortions ct caticn-o j.r:d anionic sites contain ohvsioal 
effective cross-links atrrihutable to the sin:ult anecus 
presence of doth types of ionic site. 

TABLE 1. 



I 2-HZ:-:a {purified) (c) 
DM^J:>;A (g) 

Methacrylic Acid (g) 
Styrene Cg) 
A2E:; fc) 



0 . 00 
0.63 
0 . CO 
0 .02 



1.23 

G .00 

0,02 



* stcichicrr.et ric excess v;ith respect tc the an-iOunt c: 
dimethy 1 it: i r:oe thv l^e t hac r\' 1 at 3 C^!AII^!A 
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polynerizaticn o: a: leas- one hylrcchi li c, e' - v 
ur.3a:u7a:ec .r.cnccer. an e-..iy:sr.ically-.^nsa-.urateG =or.c-.er 
ccntamir.g a cationic group and an ethylenicallv- 
unsaturated monomer containing an anionic group, said 
cationic and anionic groups forcing ionic cross-linkages 
Whereby the lens exhibits i:i,prove.d burst strength as 
cor^pared ^ith a similar lens containing no ionic cross- 
linkages. 

2- A contact lens according to claim I wherein the 

monomer containing a cationic group is a vinyl or vinylidene 
monomer having an ammo group or quaternary airunoni-am 
group . 

3. A contact lens according to clai.n 2 wherein rr.e 

vinyl or vinylidene aocoEer is an alkyl ammo acrylate - 
methacrylate. 

4- A contact lens according to any one of the 

preceding claios wherein the monomer containing an 
anionic group is a vinyl or vinylidene monomer having a 
carboxylic or sulfonic acid group. 

^" ••^ contact lens which comprises a polymer of 

a hydrophilic vinyl or vinylidene monomer containing a 
single center cf unsaturat ion , a cationic vinyl or 
vinylidene monomer having alkyl 3.~ino or quaternary 
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.:Qnsri"uiin5 pencanr or rer:nir.al groups m the cclv-^er 
'.vhicn ir.reracr :o fcrr. ionic cress- 1 m.-^a^es . 
o . A ccniact lens according to clair. 5 where.r. 

zhe anionic monomer is present m the polymer m stcicn 
iometric excess wirh respect to the cationic monomer. 

7. A contact lens according to claim 5 or claim 
wherein the caticnic and anionic monomers are present 
in the polymer in a total amount of from about 5 to 
about 20% by weight. 

8. A contact lens according to any one of claims 
5 to 7 wherein the polynier also contains covalent cross 
linkages derived from cross-linking monomers containing 
at least two centers of unsat urat ion . 

9. A contact lens according to any one of claims 
5 to 8 wherein the polymer is an addition polymer of a: 
least one hydrophilic monomer and at least one hydropno 
monomer . 

10. A contact lens which comprises a polymeric 
hydrogel which is the hydrated polymerized product of 

a monomer mixture comprising a minor proportion by weig 
of vinyl or vinj/lidene monomers containing cationic and 
anionic groups and a major proportion of polymerizacle 
monomer having a single center of unsaturat ion , said 
monomer mixture including sufficient hydrophilic moncme 
to render the resultant oolvmer hvdroohilic and the 
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Cross-linked polvmers for contact lenses. 

^) Contact lenses are aisclcsed which are formed from hvoro- 
-n;iic aoiymers of at least one hydrophilfc nonomer ana 
-^>nor oroDontons of at least one monomer comaming 
zaiicnic grouDS and at least one monomer containing aniantc 
groups so that ionic cross-linkages can form between 
::civmer molecules. Typical monomers containing cationic 
grouDs are aikyf ammo acryfates and methacrvtates and typi- 
cal monomers contaming aniontc groups are methacrvlic and 
ac.-viic 3c:cs and such monomers may be emoioyed in croD- 
crtions :y we:Qht of from about 5''^ to about 20'"r. Suitaole 
Tvcrccnilic xcnomers include hyaroxy alkyi acryiaies and 
metnacp/iaTes. 
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~cn7-^r: an, in::n:- ;r-:ps -m? 

pcly-e^ :: i: leis: :ne r^vcrcc " : 1 _ : v.-v_ 

cccclyr^enzaole -cnc-er :or:ai"ing anzcnij -roups 
a rninor proportion oy rveignt of a copolyxer — ab le :nonc:rer 
ccnrainin^ canonic groups, zhe anionic and cationic 
groups forming icnic cross- linkages . 

— • A mernod o: preparing a hydropnilic ccpclyrT^er 

containing ionic cross-linkages which comprises suojectmg 
to polymerization m the presence of a free-radical 
initiator a moncner mixture comprising at leas: one 
hydropnilic vinyl or vinylidene monomer containing a 
single center o: unsaturat ion . a vinyl or vmvliiene 
monomer ccntainm- a cationic group ana a vmyi zz 
vmylidene monomer containing anionic grouns. 
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